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   RNA had been considered to be independent in the regulation of the gene expression even if RNA 
molecules carry the gene information for long time (Brodersen and Voinnet, 2006). However, since RNA 
silencing was discovered in plants as a defense system against invading nucleic acids such as the transgene 
and viruses (Lindbo et al., 1993; Hamilton and Baulcombe, 1999), many regulatory RNA molecules have 
been reported in prokaryotes and eukaryotes.  
The mechanism of RNA silencing can be divided into two major categories, which are transcriptional 
gene silencing (TGS) and post-transcriptional gene silencing (PTGS). Both TGS and PTGS mechanisms in 
plants are associated with 21~25-nt-long small RNAs (siRNAs) that are processed from dsRNA by 
dsRNA-specific ribonuclease, Dicer like proteins (DCL). The resulting siRNAs are incorporated into 
ARGONAUTE (AGO) protein, and then the AGO-siRNA complexes trigger either TGS (DNA methylation 
or chromatin modification) or PTGS (RNA cleavage or translational inhibition) (Moazed. 2009; Hoffer et 
al., 2011; Parent et al., 2012).  
To induce artificially PTGS, inverted-repeat (IR) transgene is used for production of long dsRNA. This 
mechanism is called IR-PTGS and it has been used for experimental knock-down of the target genes in 
plants. After transcription of inverted repeat sequences, the resulting transcripts form dsRNA structure. This 
long dsRNA is then processed into siRNAs by DCL4. IR-PTGS is mediated by siRNAs with the 21 ~ 24-nt 
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length. The 21-nt siRNAs act as a guide for mRNA cleavage, and 24-nt siRNAs are involved in DNA 
methylation (Hamilton et al., 2002; Zilberman et al., 2003). The small RNAs of these two classes were 
generated from the entire sequence of IR transcripts (Llave et al., 2002). IR-PTGS is a useful research tool 
for elucidation of gene function in plants. 
Sense transgene often induces post-transcriptional gene silencing (S-PTGS) in which the transcripts 
from the sense transgene locus trigger PTGS. The phenomenon was discovered in transgenic petunia plants 
containing an overexpression construct of chalcone synthase-A gene (CHS-A).  CHS-A gene encodes a key 
enzyme for anthocyanin synthesis. These transgenic plants unexpectedly showed flowers with white sector 
or completely white flowers (Napoli et al., 1990; Vaucheret et at., 2001). The main components of S-PTGS 
mechanism have been determined using a reverse genetic screen method in Arabidopsis plants. A total of six 
RNA-dependent RNA polymerases (RDR) were identified, and RDR6 is one of them (Dalmay et al., 2000; 
Brodersen and Voinnet, 2006).  
RNA silencing is induced when invasive nucleic acids, such as viruses, are introduced in plants. To 
cope with this antiviral system, most plant viruses express RNA silencing suppressors targeting host RNA 
silencing (Burgyan and Havelda, 2011). A potyvirus protein, helper component proteinase (HC-Pro), 
showed a synergy effect in viral disease (Shi et al., 1997; Vance et al., 1995). HC-Pro can support the 
infection and spreading of several viral species. In addition to HC-Pro, many other plant viral RNA 
silencing suppressors have been identified (Roth et al., 2004). Anandalakshmi et al. (2000) searched plant 
proteins that interacted with HC-Pro using yeast two-hybrid method, and they identified a calmodulin-like 
protein, called regulator of gene silencing calmoduline like protein (rgs-CaM).  
 S-PTGS plants that inhibited expression of the NtFAD3 (tobacco endoplasmic reticulum ω-3 fatty acid 
desaturase) gene were produced by introduction of an overexpression construct of the NtFAD3 cDNA 
(Hamada et al., 1998). The NtFAD3 protein catalyzed the conversion of linoleic acid (18:2) to α-linolenic 
acid (18:3) (Hamada et al., 1998). The level of the leaf 18:2 content in the S-PTGS plants is higher than 
those of WT plants. Interestingly, S-PTGS of the NtFAD3 gene shows organ-specific phenotype, meanwhile 
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in root, the NtFAD3 transgene is overexpressed. IR-PTGS plants, R11, also produced by introduction of an 
inverted-repeat NtFAD3 construct for comparison with S-PTGS plants. The R11 plants showed a silencing 
phenotype of NtFAD3 gene in both leaf and root tissues (Hirai et al., 2010; Oka et al., 2010).  
In my thesis, the S-PTGS plants with the NtFAD3 gene were used to investigate (1) the organ-specific 
S-PTGS mechanism by using transgenic tobacco plants overexpressing the rgs-CaM gene (Chapter I), and 
(2) whether the mechanism of the transgene silencing was different from the silencing of the endogenous 
counterpart gene silencing (Chapter II).  
[Chapter I] 
Most of transgenic that harbour an overexpression construct of the NtFAD3 gene showed increased 18:3 
phenotype, but the S44 plants showed a silencing phenotype, namely 18:3 level was significantly decreased 
compared with that of the wild type plants. The S44 and R11 plants were crossbred with a transgenic plant 
overexpressing rgs-CaM gene, respectively. In the wild type plants, the rgs-CaM was expressed abundantly 
in root and stem tissues but not in leaf tissues (Anandalakshmi et al., 2000). Thus, transgenic plants 
overexpressing rgs-CaM gene showed ectopic expression of rgs-CaM gene in leaves of S-PTGS (S44) and 
IR-PRGS (R11) plants.  
The offspring plants of crossbreeding between the R11 plants and an overexpressing rgs-CaM plant 
(CaM8) showed similar 18:3 levels in both leaf and root tissues and approximately equal levels of NtFAD3 
siRNA compared with those of hemizygous R11 plants. Meanwhile, the descendants of crossbred plants 
between the S44 and CaM8 plants showed two different phenotypes; S-PTGS phenotype (30% of 
descendants) and overexpression phenotype (70% of descendants). The NtFAD3 mRNA of S44×CaM8 
plants showing an overexpression phenotype of the NtFAD3 gene was successfully accumulated in leaves, 
which was associated with a large decrease in NtFAD3 siRNAs levels. Therefore, rgs-CaM is likely to 
partially inhibit S-PTGS mechanism, and this restriction of the S-PTGS phenotype was observed to be 
approximately 70% of the total descendant of S44×CaM8 crossed plants. The expression of rgs-CaM in 
roots was knocked down and the effects of silencing of rgs-CaM gene on the S44 plants in roots were 
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determined. The rgs-CaM mRNA levels were decreased, but the phenotype of the S44 root tissues was not 
changed. Taken together, these results suggest that ectopic expression of the rgs-CaM gene suppresses RNA 
silencing at initial step of siRNA production but does not disturb the final steps of RNA silencing, including 
siRNA-mediated RNA degradation step.  
[Chapter II] 
Several previous researches reported that the level of endogenous gene transcripts was preferentially 
reduced when compared with the level of transgene transcripts (Mishra and Handa, 1998; Liriere et al., 
1999; Metzlaff et al., 2000). However, there is no reports that explain the preferential silencing mechanism 
for the endogenous genes. The expression patterns of endogenous NtFAD3 gene in the S-PTGS plants, S44 
line, were investigated in detail.  
In the S44 plants, 3’-truncated, polyadenylated endo-NtFAD3 transcripts and 5’-truncated transcripts 
were generated. The accumulation of intron-containing endo-NtFAD3 transcripts observed in not only total 
RNA fraction but also nuclear RNA fraction of the S44 plants. Furthermore, a crossbred plant between the 
S44 plant and CaM8 plant produced several intron-containing NtFAD3 transcripts, which contained the 
most exon sequences. These intron-containing NtFAD3 splicing variants were produced under the presence 
of NtFAD3 siRNAs. Therefore, inhibition of the endo-NtFAD3 gene expression is primarily accompanied 
with the alteration of splicing, and not by cytoplasmic mRNA degradation activity.  
The results suggest that the transgene and intron-containing endogenous counterpart genes are subjected 
to the distinct suppression pathway in the S-PTGS plants, respectively. At present, the RNA silencing 
components causing splicing alteration are unknown. Gao et al. (2010) suggest that AGO4 can interact with 
the Pol II-transcripts, but there is no report that a splicing alteration is caused by the interaction between 
siRNA and pre-mRNA in higher plant yet. Further study is required for evaluate the mechanism of 
siRNA-mediated alteration of splicing in the S-PTGS pathway. 
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